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Available online 7 January 2016AbstractObjective: To assess the value of direct digital radiography (DR) and CT in the screening of tuberculosis.
Methods: In a tuberculosis outbreak in May, 2014, both chest DR and CTwere taken in the close contacts (n ¼ 35 cases). The chi square test and
ROC curve were used to evaluate and calculate the missed pulmonary lesions from DR and the natures of these lesions.
Results: Abnormal shadow detection rates of chest DR and CT were 22.9% (8/35) and 40% (14/35) respectively, the difference was statistically
significant (c2 ¼ 16.154, P < 0.01). In the 6 missed cases from chest DR, 3 cases showed with anatomical occult or overlap, such as local area
between azygos vein and esophagus (1 case), lung markings in the lower lobe (1 case) and diaphragmatic occlusion(1 case); and in the other 3
missed cases, early signs of small nodules or tree-in-bud were the major signs. ROC analysis showed that when the axis of tree-in-bud is less
than 22 mm, it was prone to produce misdiagnosis by using the chest DR. The area under the ROC curve (AUC) was 0.925 with the sensitivity of
90% and specificity of 83.3%. In the 14 cases detected on CT, the lung was involved in 12 cases and the pleura was involved in 2 cases. For the
12 lung-involved cases, the lesions involving from one lung segment to five lung segments were occurred in 6 cases (50.0%), 2 cases (16.7%), 1
case (8.3%), 1 case (8.3%), and 2 cases (16.7%), respectively. Tree-in-bud signs were the main CT characteristics in close contacts, and
accounted for about 91.7% (11/12). All the 4 pleura-involved cases showed pleural thickening and pleural tuberculoma after 3e4 months' anti-
TB therapy. In the 14 cases detected by CT, 6 cases with micro-lesions were taken by anti-TB experimental treatment, only 2 cases was
significantly absorbed of the lesions after 2 months, and all the lesions of the 6 cases absorbed after 6 months anti-TB treatment.
Conclusion: CT is more valuable in the screen of TB outbreak in school compared with DR. Subclinical cases detected by CT is recommended to
take a formal anti-TB treatment.
© 2016 Beijing You’an Hospital affiliated to Capital Medical University. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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With an estimated 9 million new cases and about 1.5
million associated deaths annually, active tuberculosis (TB)
continues to be a major cause of morbidity and mortality
worldwide [1]. In 2010, China had an estimated 1 million new* Corresponding author.
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incidence [2]. Recently, an outbreak of tuberculosis in school
was pay attention by the local government. Although the chest
X-ray and purified protein derivative (PPD) is a common
method for the screening of tuberculosis in schools, some
studies have shown that using the direct digital radiography
(DR) to detect the small lesions is limited [3], which might
lead to the misdiagnosis. This study was conducted in an
outbreak of tuberculosis in a middle school in China, by
contrast with CT, to evaluate the clinical value and limitation
of chest DR in screening the close contacts.. Production and hosting by Elsevier B.V. This is an open access article under
35X. Lu et al. / Radiology of Infectious Diseases 3 (2016) 34e392. Materials and methods2.1. Clinical dataIn May 4, 2014, an epidemic situation of a class of tuber-
culosis caused by smear positive tuberculosis patients
occurred in one middle school in Dalian, China. Among the
totally 35 close contacted students in the class, 8 cases were
diagnosed as tuberculosis by using DR screening and clinical
examination, including 4 cases of pulmonary tuberculosis, 2
cases of pulmonary tuberculosis complicated with pleurisy and
2 cases of tuberculous pleurisy. Since CT has not been
confirmed as a school screening method for tuberculosis in
China, we try to give an evaluation by making the 35 close
contacts scanned with CTwithin one week, under the informed
consent. Among them, the abnormal pulmonary shadows were
found in additional 6 cases. A total of 35 patients examined
both with chest DR and CT were included in this study,
including 18 male and 17 female, aged from 15 to 17 with the
average age of about 15.6 þ 0.5 years.2.2. Diagnosis and treatment of tuberculosisSputum smear, culture and Gene Xpert were carried out for
the 8 cases which were detected by chest DR, among which it
showed that all were negative of sputum smear, 1 case was
positive for sputum culture, and 3 cases were positive for
Xpert Gene. All the 8 cases were given the combined treat-
ment of 2HEZE/4HR. Additional 6 cases detected by CT
which were missed by DR, didn't have obvious clinical
symptoms, while sputum smear, sputum culture and Xpert
Gene detection were all negative. Via the clinical consultation,
they were finally considered as tuberculosis infection, and
were given the combined treatment of 2HEZE/4HR. All pa-
tients were follow-up by CT scanning.2.3. Radiological examination and analysisAll the contacts were taken the postero-anterior chest DR, by
using the Philips DIGITAL DIAGOSIS digital camera. CT ex-
aminations were carried out by using GE-lightspeed 16 multi-
slice spiral CT scanner with scanning range from the thoracic
inlet to the bottom level of the chest, and the scanning parameters
included tube voltage of 100e120 kV, tube current mA of
75e100; layer thickness of 5.0mm, and layer spacing of 5.0mm.
In our study, Xiwei Lu's [4] standards were used to classify
the pulmonary tuberculosis signs, which were divided into the
type of cavity with spread, consolidation, nodules, and inter-
stitial lesions. Two experienced senior radiologists were
employed to analysis images of the chest DR and CT of the 35
contact students by using double blind method. A third doctor
was employed to statistic the misdiagnosis rate of DR.2.4. Statistical analysisStatistical analyses were performed using SPSS 17.0 for
Windows OS. Continuous variables with the normaldistribution were reported with mean ± standard deviation;
Count data was described by rate or constituent ratio,
and compared using chi square test, and P < 0.05 was
considered as statistically significant. As the misdiagnosis rate
of DR was state value and pulmonary lesion size
was observed, receiver operating curve (ROC) method
was used to calculate the cutoff value of DR missed diagnosis.
3. Results3.1. Comparison of abnormal shadows detection rate
between chest DR and CTAmong those close contacts (35 cases), the abnormal
shadows detection rate of chest DR and CTwere 22.9% (8/35)
and 40.0%(14/35), respectively, with the significant difference
(c2 value was 16.154, P < 0.01). Those 14 cases detected by
CT included 10 case of pulmonary tuberculosis (PTB), 2 case
of PTB complicated with tuberculous pleurisy and 2 case of
only tuberculous pleurisy. Compared with CT, there were 6
cases missed by using chest DR 42.9% (6/14), due to
anatomical conceal sites, such as local area between azygos
vein and esophagus (Fig. 1), thickening of the blood vessels
(lung markings) in the lower lobe and the diaphragmatic oc-
clusion (Figs. 2 and 3), or due to other reasons, of which the
early tree-in-bud signs were the major signs in the missed
cases (Fig. 3B).3.2. CT features of this tuberculosis outbreakIn the 12 cases with abnormal pulmonary shadow detected
by CT (except for the 2 cases of only pleurisy), lesions
involving from one lung segment to five lung segments were
visible in 6 cases (50.0%), 2 cases (16.7%), 1 case (8.3%), 1
case (8.3%), and 2 cases (16.7%), respectively. Lesions
involving upper lobe, the mid-lingual lobe and lower lobe
were in 8 cases (8/12, 66.7%), 2 cases (2/12, 16.7%) and 6
cases (6/12, 50.0%) respectively. It was obvious that the
frequency of lower lobe involvement was dominant in our
study.
The major CT feature of the first onset TB was tubercu-
losis cavity, and accompanied with smear-positive. The other
CT features included “tree-in-bud” sign and fusion nodules
(see Fig. 4). In the 12 cases of the close contacts, the CT
features of lung lesions were disseminated foci, accounting
for 11 cases (91.7%), which manifested as tree-in-bud sign,
patchy, nodules and fusion nodules (Fig. 5). Tree-in-bud
was the main CT sign in this outbreak of TB (Figs. 2
and 3B), and all the close contacts had homogeneity CT
signs.
In the 4 cases of pleural abnormal changes, 3 cases were
with right pleural effusion and 1 case was with bilateral
pleural effusion. CT showed a small amount of fluid with
uniform density. But after the anti-TB treatment of 3e4
months, all the cases of pleural effusion turned into pleural
tuberculoma with a high degree of nodular opacities (Figs.
6e9).
Fig. 1. A,B: Female, 16 years old, the close contactor. (A) Chest X-ray film showed no abnormal shadows in the lung field. (B) CT scan of the Chest showed patchy
ground-glass opacity (GGO) located in the area between azygos vein and esophagus.
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with lesionsIn the 6 missed cases from chest DR, tree-in-bud signs and
vague nodules of the non-privileged parts were the major
signs. As to the maximum warp tree-in-bud major axis (mm)
obtained by ROC analysis, misdiagnosis seemed to be prone to
occur in chest DR when long axis was less than 22 mm. By
using MedCalc, it was calculated that AUC (area under the
ROC curve) was 0.925, sensitivity was about 90%, and spec-
ificity was about 83.3% (Fig. 10).3.4. Follow-up of misdiagnosis cases by chest DRThe 6 cases of misdiagnosis by chest DR had no obvious
clinical symptoms of tuberculosis. The mean diameters of only
two cases for PPD induration were greater than 15 mm, not in
line with traditional tuberculosis diagnostic criteria clinically.
Follow-up by CT at the end of 2HREZ/4HR experimentalFig. 2. A,B: Female, 15 years old, the close contactor. (A) Chest X-ray film showed
nodules and tree-in-bud in the left lower lobe, it was not showed because of lungtherapy, 2 cases of tree-in-bud were significantly absorbed
after 2 months' anti-TB treatment; and the others were
significantly absorbed after 4 months consolidation anti-TB
treatment.
4. Discussion
Chest DR played an important role in the diagnosis of
active tuberculosis, while the sensitivity and specificity were
only 81.6% and 67.0% respectively [3]. Considering the ad-
vantages of multi-slice CT technology, such as high spatial
resolution and non-overlap in the chest images, CT is signif-
icantly better than DR in detecting the internal structure, the
hidden parts, small lesions, lymph nodes and aspects of small
cavities. The CT signs of tree-in-bud, centri-lobular nodule,
vague nodules, ground-glass opacity and others were helpful
in early detection active tuberculosis [5].
TB outbreak refers to multiple subjects infected with TB in
special time, special region and epidemiology [6], which isno abnormal shadows in the lung field. (B) CT scan of the Chest showed small
markings shelter on the X-ray film.
Fig. 3. A,B: Female, 15 years old, the close contactor. (A) Chest X-ray film showed no abnormal shadows in the lung field. (B) CT scan of the Chest showed tree-
in-bud in the posterior basal segment of right lower lobe, it was not showed because of right diaphragm shelter on the X-ray film.
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a close contact with recent infection and exposure [7]. Thus,
the imaging findings of patients with outbreak tuberculosis
were characteristics. For the imaging findings of our subjects,
the patients manifested minor or limited lung lesions, with
more involving the lower lobe. But the value of chest DR was
limited, and it might cause easy misdiagnosis comparing with
CT. In this study, the CT results was taken as a reference, and
the misdiagnosis rate of chest DR was up to 50.0% (6/12) for
the lung lesions detection. The major reasons included parts of
lung or some of the small lesions were hidden or overlapped,
lower recognition rate of small lung lesions (such as small
nodules, tree-in-bud) and so on. The hidden parts overlapping
include: posterior diaphragm space, the area between azygos
vein and esophagus, hilar region, apex and overlapping regions
of the ribs. In addition, chest DR detection rate is relevant with
identification and distribution of early small lesions such small
nodules and tree-in-bud. In this study, local tree-in-bud was
often difficult to be found when long axis diameter less than
22 mm.Fig. 4. Male, 16 years old, the TB infection, smear positive. Thoracic CT
scanning showed consolidation with cavity and nodular shadows in the right
upper lobe; patchy shadows and tree-in-bud were also found in the left upper
lobe.In this study, the major sign of the first-onset TB patient
was cavity lesion, and accompanied with disseminated nod-
ules; in the renewal of pulmonary tuberculosis, tree-in-bud
was observed as the main performance of disseminated le-
sions. Four TB cases with tuberculous pleurisy, presented as
free pleural effusion in the early stage, without pleural thick-
ening and wrap. But with the process of anti-TB treatment for
3e4 months, pleural thickening and pleural tuberculoma were
visible. Tang's opinion suggested that this was correlated with
the proliferation ofM. tuberculosis lesions or lesions increased
without standardized treatment, lesions wrapped with fibrosis
and without Herxheimer reaction [8]. The focus about whether
these homogeneity image characteristics were correlated with
the virulence of the same tuberculosis, remained to be inves-
tigated in future.
The research of Lee [9] showed that CT played an impor-
tant role in the investigation of contacts in TB outbreak, and
was helpful in reducing missed cases and protecting the drug
resistance caused by improper treatment, but the opinion was
controversial. Marais [10]indicated that micro-lesions detected
by CT may be a subclinical instant change of tuberculosisFig. 5. Male, 16 years old, the close contactor. Thoracic CT scanning showed
local consolidation in the posterior segment of right lower lobe.
Fig. 6. The same patient with the above. Multiple nodular shadows of right
inferior pleura were found after 3 months anti-tuberculosis treatment.
Fig. 7. Female, 15 years old, the close contactor. Thoracic CT scanning
showed pleural thickening and multiple nodular shadows of right inferior
pleura after 3 months anti-tuberculosis treatment.
Fig. 8. Male, 15 years old, the close contactor. Thoracic CT scanning showed
pleural tuberculoma of right inferior pleura after 4 months anti-tuberculosis
treatment.
Fig. 9. Female, 15 years old, the close contactor. Thoracic CT scanning
showed pleural tuberculoma (arrow) connected with the old lesion in the right
upper lobe after 3 months anti-tuberculosis treatment, patchy shadows and
tree-in-bud were also found in the left upper lobe.
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proven were demanded to determine whether micro-lesions
would develop into clinical TB. Meanwhile, the radiation
dose of CT scan was also questioned. These issues are ex-
pected to be resolved by the low-dose CT scanning technol-
ogy, which had been mature and popular [11]. In this study, 6
cases with micro-lesions detected by CT obtained satisfactory
therapeutic effect after standardization quadruple regimen for
3e4 months. However, the prevention program of isoniazid
only or united with rifapentine might be inadequate, especially
for the stronger virulent strains and drug resistance, due to the
potential risk. Especially for the regions with high TB resis-
tance rates and low prophylactic treatment compliance, these
subclinical patients may develop into active tuberculosis
subsequently, and even affect two generation communication
and resistant infection.Fig. 10. ROC of axis of tree-in-bud and DR missed lesions.
39X. Lu et al. / Radiology of Infectious Diseases 3 (2016) 34e39In conclusion, in the investigation of close contacts during
TB outbreak, chest DR had the advantages of low price,
convenience and small radiation, but larger misdiagnosis rate
which affect accurately judgment and effective clinical treat-
ment. While, CT especially low-dose multi-slice spiral CTwas
superior for non-overlapping images and high resolution
density which will make it an increasingly important clinical
role in close contacts investigation in tuberculosis outbreak.
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